Abstract. We investigated illusory motion perception in 6-to-8-month-old infants using a static figure which produces strong illusory motion. In experiment 1 we prepared a control figure, which was physically similar to the illusory motion figure but which did not produce illusory motion. We presented the illusory figure and the control figure side-by-side, and measured infants' looking time at the target illusory figure. Results showed that the infants' looking time at the illusory figure was significantly longer than that for the control. In experiment 2 we made another set of stimuli consisting of the same local pattern used in experiment 1, but which did not produce illusory motion. The results showed that no preferences were observed in experiment 2. These results suggest that 6-to-8-monthold infants perceive illusory motion in static figures.
Introduction
A static figure called "rotating snakes" (http://www.ritsumei.ac.jp/~akitaoka/index-e.html) (target area of figure 1a) produces a large amount of illusory motion. This stimulus was invented by Kitaoka (2003) and was recently investigated psychophysically (Backus and Oruc 2005; Beer et al 2008; Hisakata and Murakami 2008; Murakami et al 2006) and neurophysiologically (Conway et al 2005) . The illusory motion comes from the local arrangement of yellow, blue, white, and black regions. Kitaoka and Ashida (2003) showed that the illusion depends on the fact that black and white are higher contrast than blue and yellow and produce faster responses. Conway et al (2005) showed that these responses occur in the neurons in V1 and MT of macaque brains. Kuriki et al (2008) found using f MRI that the visual cortex in the human brain also responds to this illusion.
Previous research into perceptual development has demonstrated that infants can see illusory patterns such as subjective contour (Ghim 1990; Kavsek 2002; Otsuka and Yamaguchi 2003) or modal and amodal completion behind the occluders (Johnson and Aslin 1995; Kellman and Spelke 1983; Otsuka et al 2006) . However, no infant research, especially on illusory motion perception in static figures, has been reported. Here we report studies on the development of local and global motion mechanisms in infants using a static figure called rotating snakes. In order to investigate the development of motion perception, we used this figure because it has much more illusory motion than any other static figure. We observed infants' preferential looking behavior at this figure on the basis of the hypothesis that infants will prefer to look at illusory motion information.
Previous research on infant visual development has shown that a sensitivity to basic relative motion emerges at around 2 to 3 months of age (Shirai et al 2004a (Shirai et al , 2004b WattamBell 1992 WattamBell , 1994 . However, a perception of more complex motion such as motion segregation or transparent motion develops from 3 to 5 months (Banton et al 2001; Kanazawa et al 2006 Kanazawa et al , 2007 Wattam-Bell 2010) . These results suggest that motion information processed by the dorsal stream-including V1, MT, or MST-develops at 5 months. Compared with motion In both stimulus examples the right side of the display was the target area and the left side was the nontarget one. Each target and nontarget area consisted of five disks. In (a) disks of the target area produce illusory rotating movement but disks of the other side do not. These stimuli were used in experiment 1. In (b) arrangements of blue and yellow regions were same as those of (a) except white and black regions. In this case both target and nontarget areas produce no illusory motion. We used these stimuli in experiment 2.
(a) (b) information, previous research has shown that sensitivity to static global patterns which might be processed by the ventral stream develops relatively slowly (Atkinson 2000; Braddick et al 2003) . For example, previous research showed that perception of subjective contours develops at 5 months of age (Otsuka et al 2004 . These results suggest that the ventral stream develops more slowly than the dorsal stream (Braddick and Atkinson 2011; Braddick et al 2003) .
If infants can perceive illusory motion information in a static figure such as the rotating snake, they can process static figure and motion information. We conducted experiments on illusory motion perception in 6-to-8-month-old infants because previous research has shown that the ventral and dorsal stream develop at more than 5 months of age. For example, sensitivity to transparent motion develops at around 5 months (Kanazawa et al , 2007 , and moving square completion behind occluders (McDermott et al 2001) also develops at 5 months (Otsuka et al 2009) . We hypothesized that infants of more than 5 months can process higher motion and static figure information and so can perceive illusory motion in static figures.
Experiment 1
In order to investigate illusory motion perception in infants, we used the forced-choice preferential looking (Teller 1979) method. In the first experiment we prepared a control figure which did not produce any illusory motion (nontarget area of figure 1a). In this stimulus the sequential order of the units was (1) yellow, white, yellow, black, blue, white, blue, and black or (2) yellow, black, yellow, white, blue, black, blue, and white. We arranged these units in a circular shape because previous research has used this arrangement to activate human brain areas such as MT+ (Ashida et al 2012; Kuriki et al 2008) . As can be seen, the global appearance of the control figure is very similar to the illusory one. Using these illusory and control figures, we observed infants' preferential looking behavior at the illusory figure, on the basis of the hypothesis that infants will prefer to look at the illusory moving figure than at the static one.
2.1 Method 2.1.1 Participants. Twenty-three 6-to-8-month-old infants (mean age = 215.0 days, SD = 25.66 days) participated in experiment 1. The infants were recruited through newspaper advertisements. This study was approved by the ethical committee of the Japan Women's University, and written informed consent was obtained from the parents of the infant participants. The experiments were conducted according to the Declaration of Helsinki.
2.1.2 Stimuli. We used a control figure (nontarget area of figure 1a) as a nontarget stimulus and the illusory figure (target area of figure 1a) as a target stimulus. We made a disk composed of units. We placed four adjacent disks with one disk placed centrally behind the other four. These arrangements may promote eye movement and increase the amount of illusion because of eye drift during fixation (Beer et al 2008; Murakami et al 2006) .
We presented five disks composed of illusory units and another five disks composed of no-motion units side-by-side, with a gray background. We defined the illusory motion area as a target area and the no-motion area as a nontarget area (figure 1a). The target and nontarget areas were adjacent, and the size of each area was a 28.5 deg by 28.5 deg square. Both target and nontarget were composed of four local black (CIE x = 0.287, y = 0.367, luminance = 0.64 cd m -2 ), white (CIE x = 0.307, y = 0.343, luminance = 122 cd m -2 ), blue (CIE x = 0.163, y = 0.136, luminance = 21.2 cd m -2 ), and yellow (CIE x = 0.401, y = 0.505, luminance = 74.9 cd m -2 ) units. Only the arrangement of orders was different.
2.1.3 Procedure. The preferential looking method was used to measure each infant's response. The infant sat on his or her parent's lap in front of the CRT monitor. The infant's viewing distance from the CRT monitor was approximately 40 cm. There were two loudspeakers, one on either side of the CRT monitor. There was a CCD camera just below the monitor screen. Throughout the experiment the infant's behavior was videotaped through this camera. The experimenter could observe the infant's behavior via a television monitor connected to the CCD camera. Before the experimental session started the parent was instructed not to look at the CRT monitor during trials so that their looking behavior would not affect the data coding. One of the target or nontarget areas was presented at the right side of the display, and the other was presented at the left side. We recorded infants' looking behavior at the target or nontarget stimulus area through a video camera. An observer who did not know the target side judged whether infants looked at the left or the nontarget side on the basis of off-line video images. The target stimulus contained illusory motion information. If infants can perceive illusory motion, they will look at the target rather than at the nontarget. Because we predict that a moving figure is more attractive to infants than a static one (Aslin and Shea 1990) , we can hypothesize that infants will prefer to look at the target figure if they can perceive illusory motion in the target stimulus. We presented the stimuli for 15 s in each trial. We conducted 4 trials for each infant, and the target side was randomized from trial to trial.
Results and discussion
An observer, unaware of the target position, measured infants' looking time for each stimulus on the basis of video recordings showing only looking behavior of infants. We also calculated the percentage of time spent looking at the target area. Results showed that the average looking time ratio at the target area was 58.97% (n = 23, SE = 2.13). A sample t-test relative to chance level (50%) showed that infants significantly preferred to look at the target area (t 22 = 4.21, p < 0.01). This result suggests that 5-to-8-month-old infants might perceive some kind of attractive information in the illusory figure. 3 Experiment 2 However, another hypothesis could explain infants' preferences to the target area. Infants might prefer to look at the target area due to the local arrangement of four color regions rather than due to illusory motion information. In order to eliminate this possibility, we conducted a second experiment using different control stimuli. In experiment 2 we removed all black and white local regions from the target and nontarget areas used in experiment 1. Then the units in the target area were composed of gray, blue, gray, and yellow regions and the units of the nontarget area were composed of yellow, gray, yellow, gray, blue, gray, blue, and gray (figure 1b). The sequential orders of the blue and yellow regions used in experiment 2 were the same as those in experiment 1, although the units produced no illusory motion-shown by previous neuroimaging research (Kuriki et al 2008) .
Method
We presented the stimuli and observed the target looking time of twenty-four 6-to-8-monthold infants (mean age = 208.6 days, SD = 26.68 days). Other experimental parameters such as the presentation time of stimuli or number of trials were the same as those used in experiment 1.
Results and discussion
We also calculated the looking time ratio at the target and averaged the percentage data for the twenty-four infants. The average percentage value was 48.29% (n = 24, SE = 1.89), and a t-test against chance (50%) showed that this value was not significantly different from chance (t 23 = 0.91, p = 0.187). This means that the target preference observed in experiment 1 disappeared in experiment 2. We can conclude that the infants' preferential looking at the illusory figure disappeared when the local black and white regions were replaced by the background gray colors.
Comparison between the results obtained in experiments 1 and 2 (figure 2) demonstrated that the preference to the illusory figure in experiment 1 came not from the local static information but from the illusory motion information. These results suggest that 6-to-8-month-old infants perceive illusory motion information in static figures made by contrast difference information.
General discussion
In this research we showed that 6-to-8-month-old infants preferred to look at the target rotating snake figure rather than at the control figure (experiment 1). This preference disappeared when we replaced the local white and black regions with a gray color (experiment 2). These results suggested that the preference observed in experiment 1 did not depend on the local arrangement of blue and yellow regions, but on the global feature of the illusory figure. Indeed, we do not know whether the preference came from illusory motion perception or not. However, we could conclude that infants perceived some kind of attractive information in this static figure, and the strongest candidate might be the motion information which adult subjects perceive.
Previous research explained this illusory motion by the contrast-dependent latency difference in adjacent pairs of four local color regions (Conway et al 2005; Kitaoka and Ashida 2003) . Kitaoka and Ashida (2003) explained that illusory motion depends on the fact that black and white regions are higher contrast than blue and yellow regions. Faster neural responses to the high-contrast regions and slower responses to low-contrast regions create illusory motion information from higher to lower regions.
Global circular arrangements also facilitated the illusory motion. Murakami et al (2006) suggested that the illusion was the by-product of a mechanism which stabilizes a visual field during eye movement and fixation. Global features such as the circular arrangement of color patches or the four global circles might facilitate eye movement and produced more illusory motion than a simple arrangement of local patches.
Conway et al (2005) showed that MT and V1 neurons in the macaque brain responded faster to white or black regions than to light gray (yellow) or dark gray (blue) regions. And they also showed that the directional selective neurons in MT and V1 responded to the local units of the rotating snake figure. And the directional configurations of white-black and blue-yellow regions were consistent with the real motion direction. This means that neurons which represent motion information also respond to the unit of illusion. Conway et al (2005) concluded that the illusory motion in the rotating snake figure was represented in MT and V1 neurons. Human brain imaging studies also have shown the relationship between MT+ and V1 in recognizing the rotating snake figures (Ashida et al 2012; Kuriki et al 2008) . They used the same figures as we used here, and showed that MT+ in the human brain responded only to the rotating snake figure and not to the control figure. V1 did not respond to either figure.
In previous research we found that the function of the higher visual cortex such as MT or MST might develop at 5 months, using transparent motion stimuli (Kanazawa et al , 2007 . Previous studies have also shown that the perception of higher motion such as motion segregation is developed by 5 months of age (Banton et al 2001; Wattam-Bell 1992 , 1994 . These studies suggested that sensitivity to higher motion such as transparent motion or motion segregation might reflect the development of MT or MST. If infants perceived illusory motion in the static figure, we suspect that some kind of neural connections between MT+ and V1 might have developed by around 6 months of age. However, we have to be careful before reaching conclusions. In this paper we did not test whether younger infants, such as 3 month olds, can see illusory motion. So we can conclude the illusory motion processing mechanisms might develop at least before 8 months of age.
Studies on eye movement have demonstrated that the amount of illusion in this rotating snake figure depends on the extent of micro eye drift during fixation (Beer et al 2008; Murakami et al 2006) . They measured the amount of individual eye drift during fixation and found a positive correlation with the subjective amount of motion illusion. They suggested that this illusion was the by-product of stabilizing a visual field during eye movement and fixation. As imaging studies have shown (Ashida et al 2012; Kuriki et al 2008) , some kinds of information about eye movement and static image data might be processed in the higher visual cortex, such as human MT+, when we view illusions. Data obtained here suggested that this mechanism for processing illusory motion might develop before 6 to 8 months of age at least. We need to conduct further experiments with younger infants in order to know exactly at what age this mechanism develops.
